People who have had a stroke face high risks of cognitive impairment, anxiety, and depression.
In the USA, it is estimated that someone experiences a stroke every 40 s, on average, and someone dies of stroke every 4 min (Benjamin et al., 2017; Feigin et al., 2014) . In recent decades, stroke incidence and mortality rates have decreased due to developments in optimal treatments, multiple rehabilitation therapy options, and inpatient care. However, between 25 and 74% of people who have had a stroke still suffer lifelong disability or severe psychological illness (e.g. cognitive impairment, anxiety, and depression). These people need more support to perform activities of daily living (ADL), such as feeding and maintaining mobility. Psychological support is also of great importance to assist persons who have had strokes with understanding, acknowledgement, and communication (Andersen, Eriksen, Brown, Schultz-Larsen, & Forchhammer, 2002; Miller et al., 2010) . Health education about diseases, risks, physiological needs, and psychological management in persons who have had a stroke are necessary for family members implementing or helping with activities that people need to regain their ADL.
Health education for patients' family members is considered to be a good way to increase their understanding of diseases, relevant physiological management, and psychological support skills that enable them to provide better care for their relatives (Bower, McCullough, & Pille, 2002; Monfort, Mayol, Lissot, & Couturier, 2016) . While several different definitions and terms related to family member health education are used, research studies show that health education for family members or caregivers contribute to better outcomes in patients with various diseases, including carcinoma, asthma, and renal failure (Frey, Fagnano, & Halterman, 2016; Lam et al., 2017; Mollaoglu, Kayatas, & Yurugen, 2013) . However, few studies exist that explore the effects of health education for family members on prognoses or recovery for people who have had a stroke have been explored, particularly in the recovery from mental disorders, such as cognitive impairment, anxiety, and depression.
Therefore, in the present study, we designed a health education procedure called the family member education program (FMEP). Its main contents include stroke definition and information on potential complications, disease management (physical and mental), aid measurement, and caregivers' mental health support.
| Study aim
The purpose of the present study was to evaluate the effect of the FMEP on cognitive impairment, anxiety, and depression in persons who have had a stroke.
| Hypothesis
The hypothesis was that the FMEP will reduce cognitive impairment, anxiety, and depression in persons who have had a stroke.
| METHODS

| Study design
Patients were randomly allocated to either the FMEP group or the control group (1:1 ratio). In the FMEP group, the FMEP was provided to the family member designated as the prior caregiver while the patient received conventional treatment. In the control group, patients underwent conventional treatment only.
| Participants
We recruited 144 patients who presented with initial onset of ischemic stroke at the Second Affiliated Hospital of Harbin Medical University between April 2014 and March 2016. The inclusion criteria were as follows: (i) the patient presented with initial ischemic stroke confirmed by brain computer tomography or magnetic resonance imaging;
(ii) the patient was ≥18 years; (iii) the patient was able to fulfil the cognitive, anxiety, and depression assessment within 7 days after stroke; (iv) the patient had a permanent caregiver in his or her family; and Nurse and doctor (v) the patient's projected life expectancy was >12 months. Any patient whose condition was complicated by stroke mimics (i.e. seizures or migraine), severe renal or hepatic dysfunction, severe aphasia, severe hearing impairment, or a history of solid and/or hematological malignancies were excluded from the study (Balami, Chen, Grunwald, & Buchan, 2011; Chen et al., 2017; Hankey, 2017; Kumar, Selim, & Caplan, 2010) . Patients whose caregivers were cognitively impaired or otherwise unable to complete the study were also excluded.
| Data collection
Demographic and clinical features of all participants were collected at baseline within 7 days post-stroke, including age, sex, education duration, lesion location, smoking status, hypertension, hyperlipidemia, and diabetes. At baseline and 3, 6, and 12 months, the patient was assessed using the Montreal Cognitive Assessment (MOCA) score, the Minimum Mental State Examination (MMSE) score, and the Hospital Anxiety and Depression Scale (HADS) anxiety and depression scores. The Chinese versions of all the scales were purchased by the hospital, and permission was received to use them.
Demographic characteristics of the family member selected as principal caregiver were also collected; these included age, sex, and education duration.
| Intervention
The FMEP intervention comprised the following elements. In the first 2 weeks, the family member acting as the prior caregiver received five sessions of education. These education topics were derived and further adjusted from a prior study, and included understanding of stroke, influence of stroke, common issues, physical care, and mental health care (Kernich & Robb, 1988) . The detailed contents of each session are shown in Table 1 . For the following 3-8 weeks, the family member was invited to join a weekly workshop that provided counselling, communication, and assistance to resolve any issues they were facing. In the meantime, a nurse specializing in post-stroke care, a rehabilitation specialist, or a social worker was sent to visit the patient or the family member as needed, to provide further support. Between 3 and 12 months, following the stroke incident, a monthly call was made to the family member to check on the condition of the patient and if there were any concerns about caregiving. During this period, the nurse rehabilitation specialist and social worker were available to visit the patient or the family member when needed. In the meantime, the family member was still allowed to join in the weekly workshops any time they were available. At any time during the observational period, mental health care and/or treatment was provided if the family member disclosed symptoms of fatigue, anxiety, or depression. If the caregiver's condition worsened or remained uncontrolled, the patient was removed from the study with the recommendation that another caregiver take the original caregiver's place. 
| Ethical considerations
The present study was approved by the Ethics Committee of the Second Affiliated Hospital of Harbin Medical University (no. KY2013-067). All participants signed informed consent. The randomization code was generated by a statistical specialist using blocked randomization method to maintain balance between the intervention and control groups. The documents were sent to Shanghai Qeejen Biotech Company, a medical and statistical services company. When an eligible patient was identified for the study, the researcher team contacted Qeejen Company, which provided a unique patient identification number from the randomized module.
| RESULTS
| Study flow
Over the course of the present study, 182 people who have had a stroke were screened for eligibility. Of these, 32 cases were excluded, leading to the inclusion of 144 participants (Figure 1 in 57 (79%) cases completing the 12 month follow ups. The study used intention-to-treat (ITT) analysis for participants who did not complete the whole study; the evaluation indexes at the last follow up completed were used as the value of each later missing visit.
| Baseline characteristics
As shown in Table 2 , no significant differences between the two groups' demographic features, clinical characteristics, or caregivers' conditions were found (P > .05). The mean age of participants in the FMEP group and the control group were 63.60 AE 9.47 years and 63.58 AE 11.98 years, respectively. The mean MOCA scores were 25.01 AE 3.40 for the FMEP group and 24.65 AE 4.46 (P = .586) for the control group. The MMSE scores were 27.33 AE 2.48 and 27.15 AE 2.85 (P = .686) in the FMEP group and control group, respectively. The mean HADS anxiety scores were 5.99 AE 3.92 (FMEP group) and 6.18 AE 4.34 (control group) (P = .778), and the HADS depression scores were 6.47 AE 4.31 (FMEP group) and 6.58 AE 4.27 (control group) (P = .877). Other characteristics of the patients who have had a stroke in the FMEP and control groups are shown in Table 1 . The increase in the MOCA score from baseline to 12 months (M12 -baseline) in the FMEP group (1.43 AE 2.64) was higher than that in the control group (.10 AE 2.50, P = .002) (Figure 2b ). Regarding the percentage of cognitive impairment, as assessed by a MOCA score ≤26 at baseline (Figure 2c ), 54 and 51% of participants had cognitive impairment in the FMEP and the control groups, respectively (P = .738). This decreased to 35% in the FMEP group, but increased to 56% in the control group after 12 months of treatment (P = .012).
| Comparison of cognitive impairment, as assessed by the Minimum Mental State Examination score
The comparison of the MMSE scores in the FMEP and control groups is prov3. The MMSE score had a stable trend over the 12 month period in both the FMEP and control groups (Figure 3a) . The MMSE score (M12 -baseline) increased in the FMEP group (.004 AE 1.13), -test was used for the comparison of percentage of cognitive impairment by MOCA score ≤26 in the two groups. *P < .05 was considered significant. ns, not significant whereas it decreased in the control group (−.31 AE 1.43, P = .109) (Figure 3b ). The percentages of cognitive impairment by MMSE score ≤26 at baseline in the FMEP and control groups were 25 and 26%, respectively (P = .849); these percentages were 25 and 36% after 12 months (P = .208). This finding suggests that cognitive impairment, as assessed by the MMSE score, showed no difference between the groups.
| Comparison of anxiety assessed by the Hospital Anxiety and Depression Scale anxiety score
As shown in Figure 4 , the HADS anxiety score decreased during the observational period in the FMEP group, whereas it increased in the control group (Figure 4a ). The HADS anxiety score (M12 -baseline) decreased in the FMEP group (−.21 AE 1.96), whereas it increased in the control group (.51 AE 1.51, P = .015) (Figure 4b ). The analysis of anxiety grade after treatment was also assessed (Table 3) ; no difference in either anxiety (P = .714) or anxiety grade after treatment (P = .185) between the FMEP and control groups was observed.
Other indexes in each group are also shown in Table 3 . These results suggest that the FMEP might reduce anxiety by HADS anxiety score in persons who have had a stroke.
| Comparison of depression assessed by Hospital Anxiety and Depression Scale depression score
The HADS depression score in participants remained stable from baseline to 3 months in both groups, whereas it decreased in the FMEP group and increased in the control group by 12 months (Figure 5a ). In addition, the HADS depression score (M12 -baseline) decreased in the FMEP group (−.54 AE 2.06) and increased in the control group (.47 AE 1.60, P = .001) (Figure 5b ). As shown in Table 4 , fewer participants with depression in the FMEP group were observed compared with the control group (P = .037), and the participants in the FMEP group achieved a lower depression grade (P = .044). Other indexes in the two groups shown in Table 4 indicated that the FMEP could decrease depression by the HADS depression score in persons who have had a stroke.
| DISCUSSION
The present study was undertaken to identify the effects of FMEP on cognitive impairment, anxiety, and depression in persons who have had a stroke. We hypothesized that the FMEP reduces cognitive impairment, anxiety, and depression in persons who have had a Home-based health care for persons who have had a stroke has been gradually gaining emphasis in recent years, due to the long-term care needs and to reduce high costs (Langhorne, Bernhardt, & Kwakkel, 2011) . The FMEP has been identified as a useful method to promote understanding among family members or caregivers, resulting in better care for patients with various diseases, including Alzheimer's disease (AD), congenital heart disease, and pulmonary carcinoma (Goossens et al., 2015; Jeong & Yoo, 2015; Navab, Negarandeh, & Peyrovi, 2012; Watanabe, 2013) . In line with these previous results, our study revealed that FMEP decreased cognitive impairment, as assessed by the MOCA score. These results are due to a number of reasons: (i) the FMEP effectively helps family members to participate in the rehabilitation process, to fully understand what stroke is, to cope with problems occurring during the stroke rehabilitation, and even how to improve recovery effectiveness. The FMEP is intended to increase participants' awareness of risk factors, stroke complications, and aid measures; this knowledge enables family members to contribute to preventing side-effects or minimizing stroke complications (Evans & Held, 1984; Svavarsdottir, Sigurethardottir, & Steinsbekk, 2016) ; (ii) the FMEP aims to increase family member's or caregiver's knowledge about how to provide care for persons who have had a stroke (i.e. individual diet management, massage, and communication skills). This increases family members' ability to provide optimal support to patients, thereby improving outcomes and decreasing cognitive impairment (Butcher, Holkup, & Buckwalter, 2001; Goossens et al., 2015) ; and (iii) family members who attend the FMEP could find an outlet to express their feelings to other participants with similar feelings. This helps family members maintain a positive attitude with those who have had a stroke and contributes to their learning through sharing their experience with disease-related management. With a positive attitude and additional skills, family members can provide better care to patients, thereby promoting stroke rehabilitation and decreasing cognitive impairment (Alim et al., 2016; Pindus et al., 2016) .
However, no difference of cognitive impairment, as measured by the MMSE (MMSE score ≤26), was observed between the FMEP and control groups in the present study. This finding could reflect that the Light (HADS anxiety 8-10, n/%)
12 (17) 7 (10) Moderate (HADS anxiety 11-14, n/%) 4 (6) 8 (11) Severe (HADS anxiety 15-21, n/%) 4 (6) 7 (10) Data were presented as count (percentage). Difference was determined by χ 2 -test. P < .05 was considered significant. FMEP = family member education program; HADS = Hospital Anxiety and Depression Scale.
MMSE is a less sensitive tool to assess cognitive impairment compared with the MOCA. This has been demonstrated in previous studies (Pendlebury, Cuthbertson, Welch, Mehta, & Rothwell, 2010; Sivakumar et al., 2014) .
People who have had a stroke often find it difficult to accept lifelong disability and the reduction of self-care ability, resulting in loss of confidence and increasing anxiety and depression (Donnan, Fisher, Macleod, & Davis, 2008; Pan, Sun, Okereke, Rexrode, & Hu, 2011) . However, a previous study described family education to be useful in decreasing post-stroke anxiety and improving patients' communication ability (Evans, Held, Kleinman, & Halar, 1985) . Additionally, the ability of the FMEP to contribute to decreased anxiety and depression has been reported in many chronic diseases, including heart diseases, AD, and breast carcinoma (De Vecchis, Manginas, Noutsias, Tschope, & Noutsias, 2017; Listol, Hoberg-Vetti, Eide, & Bjorvatn, 2017; Maxwell, 2013; Zhang, Pan, Wang, & Zhao, 2013) . In accordance with the results from previous studies, in the present study, we also found that the FMEP resulted in decreased anxiety and depression in persons who have had a stroke, as measured by the HADS score. One possible explanation is that persons who have had a stroke could become impatient, depressed, or sensitive to the attitudes and behavior of family members, leading to misunderstandings and conflict between patients and family members.
By helping family members effectively understand and assist persons who have had a stroke in ADL, the FMEP promotes better family communication and supports maintaining a good environment characterized by understanding and cooperation. This is conducive to the regulation of mental health, including decreasing anxiety and depression in persons who have had a stroke (Dobkin, 2005; Kitts & Goldman, 2012) .
Both the MOCA and MMSE were suitable choices for detecting cognitive impairments; however, the HADS anxiety and depression assessments might be less accurate and consistent. Therefore, further study should be conducted on the assessment of anxiety and depression in persons who have had a stroke to compare the HADS with other common assessments, including the Beck's Depression Inventory, the Hamilton Rating Scale for Depression, and the State-Trait Anxiety Inventory.
| Study limitations
There were several limitation in the present study. First, the relatively small sample size might have contributed to lower statistical efficiency than a study with a larger sample size. Second, the follow-up duration (12 months) was relatively short, so any longer-term effects of the FMEP on cognitive impairment, anxiety, and depression could not be assessed. Third, the study showed differences in results between different instruments. This could be caused by problems with these instruments' reliability. Fourth, we did not evaluate the time and energy required from both the medical staff and family member to carry out the FMEP in the present study, thus we recommend further studies on the FMEP to measure its cost-effectiveness with a large sample size. Finally, the evaluation of anxiety and depression among Light (HADS depression 8-10, n/%)
10 (14) 6 (8) Moderate (HADS depression 11-14, n/%) 5 (7) 17 (24) Severe (HADS depression 15-21, n/%) 5 (7) 9 (13) Data were presented as count (percentage). Difference was determined by χ 2 -test. P < .05 was considered significant. FMEP = family member education program; HADS = Hospital Anxiety and Depression Scale. 
| Implications for nursing practice
The following suggestions are offered about the application of the FMEP in practice. First, doctors and nurses in hospital could spend time to provide the FMEP for family members regularly. Family members could also participate in the FMEP by video or network courses provided by the hospital. In addition, it is important for family members to visit the hospital regularly to conduct anxiety and depression assessments.
| Conclusion
People who have had a stroke face high risk of cognitive impairment, anxiety, and depression as complications. Family members play critical roles in patients' recovery and prevention of related physical and mental health disorders. Although health education for family members contributes to better outcomes in patients with various diseases, the effects of health education to family members on cognitive impairment, anxiety, and depression in patients who have had a stroke are still unclear. In the present study, we showed that the FMEP could also 
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